The skill and work habits of the pulmonary function technologist are central to the quality of patient testing. Pulmonary function technologists should be chosen carefully. The pulmonary function technologists must be intelligent, conscientious, and possess critical thinking skills. Studies are needed to better identify which kinds of personality traits correlate with superior job performance and whether or not such traits can be reliably identified by standardized testing. Monitoring of technologist performance and technologist feedback improves the quality of testing but is utilized by only a minority of clinical laboratories. Pulmonary function laboratory accreditation is urgently needed to protect the public from potential misdiagnosis and inappropriate treatment due to spurious data.
Introduction
Pulmonary function tests (PFTs) translate respiratory functionality into usable numbers. [1] [2] [3] What we learn from PFT data can have an enormous impact on our understanding of the health of a population, 4,5 the natural history and treatment of specific diseases, [6] [7] [8] and the best care for the patient sitting a few feet away from us. 9 However, the strength of our conclusions and the legitimacy of our interventions are only as powerful as the validity of the reported data.
There are 3 core elements that are essential to capturing valid pulmonary function data: accurate and precise instrumentation; cooperative testing subject capable of performing breathing maneuvers within the tolerances of the test architecture; pulmonary function technologist with the ability and the desire to manage the laboratory and properly to orchestrate testing. Of these 3 core elements, the pulmonary function technologist has clearly attracted the least attention and has been subjected to the least scrutiny. However, without a highly skilled and motivated technologist, the above mentioned collaboration is doomed to unravel and fail. Perhaps Wanger put it best: "the first and foremost issue in the pulmonary function laboratory quality-assurance program is the technologist." 10 This paper will focus on how to obtain acceptable and reproducible effort from the pulmonary function technologist.
Technologist Selection

Making an Informed Choice
When preparing to purchase a new pulmonary function system, most managers would evaluate more than one product on the market. The pros and cons of different products are weighed to try to make the best choice for the laboratory. Carefully choosing the best pulmonary function system for one's laboratory is very important, since making the wrong choice may carry the burden of years of dissatisfaction and remorse. The easiest headache to treat is the one you never get. However, since pulmonary function systems are manufactured to American Thoracic Society/ European Respiratory Society (ATS/ERS) specifications, [11] [12] [13] differences in product design should generally affect only ease of use, maintenance, and reliability, and not usually have a major impact on test results. [14] [15] [16] [17] Of course this can never be assumed. 17, 18 However, how often is such vigilance and thoughtfulness placed on the selection of a pulmonary function technologist? A high level of scrutiny must be given to the applicant wishing to practice in the PFT laboratory, since only a quality technologist can be relied upon to produce quality data. 19 
Applicant Motivation
In the United States, particularly in community hospitals, many pulmonary function technologists are respiratory therapists (RT). Recruiting RTs to work in the PFT laboratory is logical, since many laboratories are part of the RT department, and pulmonary function testing is a part of an RT's training. However, some RTs may wish to enter the PFT laboratory for the wrong reasons. Ideally, RTs seeking to enter the PFT laboratory would be motivated by a desire to acquire a more in-depth understanding of respiratory physiology and to experience the satisfaction that comes from working in a scientific laboratory environment. However, many times RTs express interest in working in the PFT laboratory because of a desire to escape from some other situation, such as the hectic intensive care unit or the often heavy work loads of floor therapy. It is also true that some RTs may view working in the PFT laboratory as less labor intensive and might view an opening in the PFT laboratory as an avenue to work less; however, working in the PFT lab is not a less demanding job than working in the intensive care unit: it is rather a different kind of work. Therefore, while asking an applicant "Why do you want to work in the PFT lab?" may appear on its face to be an inconsequential interview icebreaker, I submit that this is a very important question from which valuable information regarding an applicant's motivations can be learned. Individuals who are motivated to enter the PFT laboratory simply to remove themselves from another situation or to lighten their work load are not good candidates for hire.
When any clinician first enters the PFT laboratory, they are a student. Initial student enthusiasm and motivation to learn can be misleading, since these may dissipate rather quickly. This is a common observation in everyday life and is also documented by some data in healthcare students. Hastings et al 20 documented a shift away from mastery motivation (desire to master learning material) toward performance motivation (learn enough to pass the test) and academic alienation (no desire to learn) over time in pharmacy students in a university setting. Students who are motivated by the desire to become an exceptional member of their profession (social utility) may be expected to perform better over time than those who embrace the concept of mastery motivation merely to gain their instructor's or supervisor's approval (social desirability). 21 
Qualifications
Recommendations regarding technologist qualifications have evolved over several decades; however, what has not changed is that these recommendations are based almost completely on expert opinion rather than data. In 1955 Franklin et al 1 described the clinical utility of forced spirometry or "expirograms." At that time pulmonary function testing was in its infancy, but even then the authors recognized that a pulmonary function laboratory required "highly trained personnel." In 1968 Woolf described the organization of the pulmonary function laboratory at Toronto General Hospital. 22 In regards to technologists' qualifications he simply states that "it is essential that the technicians for the laboratory should be well trained and reliable individuals who can work with the minimum of supervision." In 1972 Hughes and Empey 23 described their experience managing a pulmonary function laboratory in the Department of Chest Diseases at London Hospital over a 10-year period. Hughes and Empey are perhaps the first to recommend that technologists receive formal classroom training in physiologic measurements. They also made the observation that technologists with a greater educational background are required to deal with the complexities of instrumentation and research. Ten years later the ATS issued a position paper specifically addressing pulmonary function technologist qualifications. 24 At that time the recommended minimal educational background was a high school diploma and 6 -12 months of training in the pulmonary function laboratory. The issuing committee suggested that training in pulmonary function technology and/or respiratory therapy could be expected to shorten training time; however, this type of formal training and credential acquisition were highly recommended only for supervisory staff and for an individual serving as a chief pulmonary function technologist. The most recent recommendations regarding technologist qualifications were issued by the "ATS/ERS Task Force for Standardization of Lung Function Testing" in 1995. 25 This guideline recommends a minimum of 2 years of college education, with an emphasis on health-related sciences generally, and more specifically recommends that technologists, "need to be familiar with the theory and practical aspects of all commonly applied techniques, measurements, calibrations, hygiene, quality control and other aspects of testing, as well as having a basic background knowledge in lung physiology and pathology."
In terms of the importance of credentialing, Enright et al showed in an uncontrolled study of 18,000 consecutive spirometry tests that experienced credentialed technologists working in a pulmonary function laboratory were able to facilitate ATS compliant tests 90% of the time. 19 However, a respiratory therapy credential alone does not predict good testing performance. From tests that were performed by credentialed RTs, Stoller et al 26 documented a bedside spirometry acceptability rate of only 15%. Even after considerable training and ongoing therapist feedback, this value rose only to 63%. Data are clearly lacking in regards to technologist performance and the acquisition of the National Board for Respiratory Care's Certified Pulmonary Function Technologist (CPFT) and Registered Pulmonary Function Technologist (RPFT) credentials. However, all technologists should be encouraged to take the CPFT and RPFT exams. Studying for the CPFT and RPFT exams is an excellent educational opportunity, and passing the exam demonstrates job-specific aptitude and a minimum level of competency for both entry level (CPFT) and advanced practitioners (RPFT).
Beyond the Résumé and the Interview
Many businesses across the economic spectrum rely less on résumé content and the traditional interviewing process and have shifted their attention toward pre-employment testing of aptitude and personality traits for making hiring decisions. The review of a résumé and interviews are used to help an employer make his or her best guess on whether or not an applicant will be able to perform job tasks satisfactorily and will maintain job performance over an extended period of time. However, these best guesses are non-scientific, subject to the employer's bias and insightfulness, and are, of course, often wrong. In 2001 Stoller and colleagues reported an annual RT turnover rate ranging between 3-18% among the 9 hospitals in the Cleveland Clinic health system. 27 At that time the cost of training each RT approached $3,500. In the case of a pulmonary function technologist, hiring the wrong person may mean that hundreds of poor quality tests will be performed before the process of personnel change can be completed. This is no small matter, given that big impact decisions such as the suitability for surgery, need for medications, safety of continuing medical treatment (eg, chemotherapy), and employment eligibility can hinge on pulmonary function data. It is not enough to say that we must act when spurious data are produced as a consequence of technologist incompetence; proactive measures must be undertaken so that poor quality data are never produced. The first and perhaps most important measure to assure quality is to choose the right person to work in the PFT laboratory. 10 As Lord Kelvin famously said, "When you can measure what you are speaking about, and express it in numbers, you know something about it; but when you cannot measure it, when you cannot express it in numbers, your knowledge is of a meager and unsatisfactory kind." Standardized testing of aptitude and other traits to identify human potential is commonplace. For several decades the military (eg, Armed Services Vocational Aptitude Battery 28 ), universities (eg, Medical College Admission Test 29 ), and other industries have used standardized tests to screen their applicants. 30 Given that the impact of technologist job performance on test results is enormous, the profession should explore the idea of using validated screening tests to ensure that we select only the best candidates to work in the pulmonary function laboratory.
If we accept the idea that objective testing might improve technologist selection, the next obvious question is what kind of traits we should look for in a pulmonary function technologist. While stereotypical traits of a good technologist are those with a "type A" or "perfectionist" personality, there are no data specific to pulmonary function technologists to guide us. I submit that there are at least 3 important measurable traits that a technologist should posses: high cognitive aptitude; conscientiousness; critical thinking skills.
Cognitive aptitude, the ability to learn, is an important trait for transitional stages of work. 30 Transitional stages of work describes those in which new job tasks must be learned, including both initial training and when new techniques are added to one's job duties. While cognitive aptitude correlates well with job performance in transitional stages of work, higher cognitive aptitude does not predict good job performance in the maintenance stages of work. 30, 31 This is particularly true of "routine tasks," which are a big part of the daily life of a pulmonary function technologist. The personality trait that correlates best with job performance during maintenance stages of work is conscientiousness. 30, 32, 33 Workers who score high on the conscientious portion of personality tests are reliable, employ autonomous goal setting, are adept at time management, and exhibit perseverance when confronted with difficult problems. 30 Conscientiousness is so important to maintenance stages of work that one author wrote, "it is better to be reliable but dumb than smart but slapdash." 33 Obviously we don't want to recruit pulmonary function technologists with low cognitive aptitude; however, pulmonary function technologists, no matter how intelligent, must be conscientious.
Lastly, pulmonary function technologists must possess critical thinking skills. Ennis, a leading authority in the field of thought processes, defined critical thinking as "reasonable reflective thinking focused on deciding what to believe or do." 34 Attributes of individuals with critical thinking skills are listed in Table 1 . 34 Critical thinking skills have been shown by some investigators to correlate well with problem solving and clinical decision making. Hill administered the Watson-Glaser Critical Thinking Appraisal to 143 graduating respiratory therapy students from 10 different programs. Students with better critical thinking skills made better clinical decisions when taking the Clinical Simulation Self-Assessment Examination. 35 Being able to solve problems quickly and independently is a very important trait for a pulmonary function technologist to possess. Very often the pulmonary function technologist will be confronted with oddities during data collection, which can be caused by patient technique, unusual physiology, or instrumentation issues. For example, progressively declining values during spirometry testing can be due to patient fatigue, bronchoconstriction related to deep inspiration, or pneumotachometer dysfunction. Being able to decipher the cause of unusual data patterns and make corrective actions if necessary is what separates a good technologist from someone who knows little more than how and when to push the start, stop, and print buttons. Most importantly, the technologist with excellent critical thinking skills will produce higher quality tests with fewer oddities and more meaningful and consequential data.
Standardized aptitude and personality trait tests are abundant in the marketplace and can even be taken on the Internet. While it may be a safe assumption that smart, conscientious individuals with good critical thinking skills make better pulmonary function technologists, a résumé review and interview may not have the specificity to exclude applicants who do not possess these traits. Studies are needed to assess the effect of cognitive aptitude and personality traits on technologist performance as well as the possible role of standardized testing for technologist selection.
Technologist Training and Maintenance
Training
The ATS has suggested that 6 -12 months of training are required for technologists to competently perform arterial blood gas analysis, spirometry, lung volume determination, diffusion capacity, and exercise testing. 24 However, this recommendation was made in 1982, when only a high school diploma was required of trainees. As mentioned earlier, trainees with higher cognitive aptitude and exposure to pulmonary function science in college can be expected to require less training time. 24, 30 Trainees who require more than 6 months of training to perform routine PFTs proficiently may not be well suited for working in the PFT lab.
The content and quality of training are much more important than the time frame. Blonshine 36 summarized important skills that technologists must master from their training (see Table 2 ). Table 2 could easily be reformatted as a checklist that managers could use when training new staff and evaluating existing staff members.
The first step in the training process is to become familiar with the day-to-day operations of the laboratory, including the logistics of patient scheduling and physician interpretation. Familiarization with the pulmonary function equipment, including calibration, should precede patient testing. My approach to PFT training is a "one-stepat-a-time" strategy. The trainee should first observe the instructor administering tests; the instructor should take every opportunity to offer insights to teach the learner what constitutes good effort and technique and how to remedy unacceptable effort and technique. Discussions about the normality of test results should be done in private, after the patient has been discharged from the laboratory. The next step is to have the trainee administer tests on the instructor or other willing co-workers. Once trainees demonstrate the ability to administer a test correctly, they can begin testing patients with the supervision of the instructor. The instructor should, when necessary, jump in with immediate feedback, and sometimes administer a single testing effort with the patient to demonstrate more effective coaching. Once trainees demonstrate that they can administer spirometry proficiently, the process is repeated with diffusion capacity, then lung volumes. The "one-step-at-a-time" approach allows the trainee to focus on learning how to administer one test at a time while building confidence as the process progresses. Once the trainee can administer all tests proficiently, the instructor observes testing from the back of the room, being available for questions, and should tactfully interrupt testing to offer advice when necessary. Over time the instructor drifts out of the laboratory, while still being available for questions from the trainee. Once routine tests are mastered, more complex tests, such as cardiopulmonary exercise and bronchoprovocation testing, can be introduced. All PFT reports produced by the trainee should be reviewed for many months until the trainee's performance is consistently acceptable. Documentation of competency for each test may be required by your laboratory's regulatory agency. 36 During the training period the trainee should also be reading pulmonary function testing materials. The ATS/ ERS PFT guidelines [11] [12] [13] 25, 37, 38 which are accessible on the Internet (http://www.thoracic.org/statements/ index.php) without fee, should be read by all trainees. Trainees should read pulmonary function text books such as Ruppel's Manual of Pulmonary Function Testing. 39 I had the pleasure of reviewing the 9th edition of this book for the Journal. 40 Each chapter includes learning objectives, interpretative strategies, case studies, and both entrylevel and advanced practitioner end-of-chapter exams. Another helpful resource is the ATS Pulmonary Function Laboratory Management and Procedure Manual (http:// www.thoracic.org/education/pulmonary-function-testing/ index.php). All technologists should be familiar with these important resources. Moreover, all laboratory management and staff should embrace the concept of career-long learning in the never-ending pursuit of excellence.
Test Acceptability and Reproducibility Feedback
One of the most important advances in PFT systems is instantaneous grading of test adherence to ATS/ERS acceptability and reproducibility standards. This gives the technologist immediate feedback on each test effort's quality, and advice on how to improve the patient's performance (Figs. 1, 2, and 3). Without this innovation, many quality outcomes could not be analyzed between patient efforts, because they are too time-consuming and impractical to calculate by hand (eg, spirometry back-extrapolation volume from a volume-time curve). Technologists should be encouraged to use these types of feedback tools to improve the quality of tests; however, it should be understood that tests meeting computerized acceptability standards are not always the patient's best effort. Patient efforts that meet ATS/ERS acceptability standards despite evidence that the patient's effort or technique are suboptimal should be repeated. Most pulmonary function systems are capable of displaying information regarding the acceptability and reproducibility of tests on the final report. Including this information on the final report aids the physician in interpretation and may motivate some technologists to try harder to adhere to ATS/ERS standards. 
Technologist Performance Feedbacks
Probably the most overlooked ATS/ERS PFT standard is the recommendation that a laboratory's quality control program should include the continuous monitoring of technologist performance. 25 In addition, technologists should regularly be given feedback on their performance (Table 3) . 25 In an informal poll of pulmonary function personnel from around the United States, only 30% of respondents reported compliance with this recommendation. 41 Data supporting technologist performance feedback first came from the Lung Health Study. 42 Enright and his colleagues in the Lung Health Study Research Group documented that spirometry quality progressively declined following technologist training. Technologist performance improved following visits from instructors, but a high level of performance was sustained only after a program of technologist performance feedback was implemented (Fig. 4) ages ranging from 65-100 years, and only 20% of their technicians had previous experience with spirometry testing. Despite these challenges, the SARA investigators reported that 77% of all subjects produced 3 acceptable spirometry efforts. 43 The PLATINO investigators reported that 89% of subjects produced quality spirometry, despite the fact that 73% of their technicians had no prior experience, and on average the study population had less than 8 years of formal education. 44 In addition, technologist oversight and feedback has also been shown to improve the quality of office spirometry 49 and bedside spirometry in a hospital setting. 26 Surprisingly, there are no data evaluating the effects of technologist oversight and feedback on the performance of technologists in a PFT laboratory. In my own laboratory we observed a 21% increase in the percentage of spirometry tests that met ATS/ERS acceptability and reproducibility standards following the inception of a quality assurance program modeled after the Lung Health Study (unpublished data). Many modern PFT systems make technologist-performance data easy to retrieve and analyze (Fig. 5) . If a laboratory's pulmonary function system software does not include technologist performance reporting, the Spirometry Longitudinal Data Analysis Software (SPI-ROLA) can be downloaded from the Centers for Disease Control and Prevention Internet site, without fee. 50,51 Centralized monitoring of PFT quality, coupled with technologist feedback, improves PFT quality.
The only cautionary note regarding a technologist feedback program is that there is the potential for some technologists to delete valuable data when acceptability or reproducibility criteria cannot be met (ie, opting to report that the patient could not perform the test), in order to avoid any negative impact on their performance statistics. Ironically, this type of action violates the very standards that the technologist performance statistics are intended to promote. 11 In addition, the Global Lungs Initiative phase 2 pilot study shows that spirometry data with less than grade A reproducibility scores were still valid and had a trivial effect on the formulation of predicted values. 52 Moreover, some technologists in the pursuit of higher performance scores may push patients to unreasonable limits (eg, Ͼ 12 spirometry efforts). For these reasons it is important to stress to all technologists that, while performance statistics are important, they should not be the solitary focus of one's work. Setting reasonable performance goals, providing educational support, offering positive feedback for good performance, and avoiding hyperbolic criticism are part of a healthy environment for technologists and patients.
Enright and colleagues 19 have suggested 90% of spirometry tests should meet ATS/ERS acceptability and reproducibility criteria; I am aware of no data regarding acceptability/reproducibility goals for other PFTs. Three technologists work in my laboratory; the percentage of tests meeting ATS/ERS acceptability and reproducibility criteria for the year 2010 are as follows: spirometry ϭ 93%; single-breath diffusion capacity ϭ 93%; plethysmographic lung volume/airway resistance ϭ 96%. I submit that a goal of Ն 90% ATS/ERS compliance for the above mentioned tests is both appropriate and achievable.
Laboratory Accreditation
On November 2, 1987, The Wall Street Journal published an article by investigative reporter Walt Bogdanich, exposing an excessive number of false-negative Papanicolaou (Pap) smear tests performed in clinics. 53 The socalled "Pap mills" used poorly trained, overworked personnel and haphazard laboratory practices, and an unconscionable number of women suffered the consequences. The scandal that ensued led to expanded regulatory powers of the Clinical Laboratory Improvement Amendments (CLIA), which increased the scope of laboratory oversight and accreditation. At the time of this writing, mandatory or voluntary accreditation schemes exist for virtually every laboratory environment in the medical, dental, and veterinary fields. However, in the United States and throughout most of the world, pulmonary function laboratories are not subject to mandatory accreditation, nor does the opportunity for voluntary accreditation even exist. Pulmonary function laboratory accreditation is available in the Canadian Provinces of Alberta, British Columbia, and Ontario; New Zealand; and Australia. 54 Accreditation by the Thoracic Society of Australia and New Zealand is mandatory for any centers operating as a training facility (http://www.thoracic.org.au).
It is hard to explain why it has taken so long for accreditation of pulmonary function laboratories to come to fruition. The much younger field of sleep medicine has offered laboratory accreditation since 1977. 55 Laboratory accreditation improves the quality of diagnostics through education and the verification of compliance with best laboratory practices. Without laboratory inspection and accreditation, physicians and patients can only be hopeful that the laboratories they depend on are operated safely and competently. While most, if not all, pulmonary func- tion technologists will purport that their testing practices are compliant with ATS/ERS guidelines, most do not follow the recommendation of weekly biologic controls of diffusion capacity testing 54 or provide the recommended feedback to technologists regarding their performance. 41 It is therefore logical to assume that many other recommendations are also not followed.
In 2007 the World Lung Function Accreditation Project (WOLFAP) was initiated to work toward the goal of assuring quality pulmonary function testing throughout the world (http://www.lungfunction.org/wolfap.html). Unfortunately, WOLFAP has not advanced much since its inception; however, key components of an accreditation process have been developed by WOLFAP. The proposed components of WOLFAP accreditation are listed in Table 4. Internationally agreed upon accreditation standards brings the talents of the world's top experts into the process and reduces the influence of variations in laboratory practices on the interpretation of data derived from international and multinational research studies. Mandatory accreditation for all pulmonary function laboratories in the United States would likely be the most effective strategy, since those with the most deficient laboratory practices are not likely to voluntarily subject themselves to inspection. Pulmonary function technologists and physicians involved in pulmonary function testing and research should be the strongest advocates for pulmonary function laboratory accreditation.
Summary
The skill and work habits of the pulmonary function technologist are central to the quality of patient testing. Pulmonary function technologists should be chosen carefully. The pulmonary function technologists must be intelligent, conscientious, and possess critical thinking skills. Studies are needed to better identify which kinds of personality traits correlate with superior job performance, and whether or not such traits can be reliably identified by standardized testing. Monitoring of technologist performance and technologist feedback improves the quality of testing, but is only utilized by a minority of clinical laboratories. Pulmonary function laboratory accreditation is urgently needed to protect the public from potential misdiagnosis and inappropriate treatment due to spurious data. Coates: Absolutely. The other issue that we talked a little bit about yesterday is that when you start to talk about small people and especially children, the ATS/ERS criteria 1 for repeatability and acceptability of single tests are probably much more permissive, and what is frequently achieved is much tighter. Again, it doesn't matter if the computer gives you a check that says you met a certain quality assurance. Nothing can be better than looking closely at the tracing and saying, "I can do better than that." The example is a back-extrapolated volume in the 2005 document is 150 mL, but shortly after that came out, Paul Aurora suggested 2 that it be lowered to 80 mL for small children, which I think would be much more appropriate. The field is evolving, but good technicians had already achieved that, because they would look closely at the tracing and say, "I know it meets criteria, but I can do better than that." And, again, that needs a very encouraging, supportive atmosphere in which the chief technician-as well as the medical director-plays a role. Haynes: Yes, I agree completely. I routinely discard efforts that satisfy ATS/ERS acceptability via computerized grading. I will very often discard flow-volume loops that are just "OK" because the peak expiratory flow affects the validity of the FEV 1 due to compression of thoracic gas. Technologists should be harder to satisfy than the computer.
Salzman: I think that it's a good point that personality characteristics like conscientiousness are very important. On the other hand, there is a definite mathematical, graphic, cognitive component to this. In some of my interviewing, what I've done, in the guise of getting them familiar with the particular equipment that we have, I've taken people I'm interviewing over to the equipment and I start showing them some curves and try to get some reactions out of them-"Take a look at this: how would you interpret this?"-just to see if are they really familiar with looking at the data other than was it flagged with an error code or not. I've been surprised often at how, shockingly, candidates for PFT tech jobs were unable to look at the curves critically.
Haynes: Shocking is the word I was going to use as well. I think that's why I would prefer to see someone come into my lab with the RPFT [registered pulmonary function technician] credential. That's a starting point, but clearly we can't assume that anyone who walks into your lab with or without a credential is competent. The same applies to experience; an individual may boast that they have 25 years of experience, but in reality they've used those years to become really good at doing tests very poorly. We have to assure that testing is done the way that we would want it done.
Miller: I was waiting for the shocking part of the discussion. I'd like to repeat what I said yesterday and bring up this question of whether we should de-recommend handheld or other spirometers that only measure on expiration, where you cannot assure that you have reached full inspiration. You could monitor the expiration and be sure about early termination of effort, brisk onset of exhalation, and reproducibility, but you can't tell if the patient has reached total lung capacity. The other shocking thing is you gave a long list of large trials, all of which were marked by excellent performance by the techs and excellent data. One of them I'm quite familiar with is the World Trade Center worker and volunteer medical screening program. 1 I walked into this program that had been in existence and functioning for several years, and now the first pulmonologist entered the program which had been run by occupational physicians and uncovers every single technical mishap that can be achieved by a tech who went through whatever 3-day program to train and certify. Half the efforts were not acceptable using standard quality assurance checks, and full inspiration was not confirmable.
The technician needs feedback constantly. Within a few weeks of pointing out and watching and encouraging, we could bring the technique up to quality standards. I'm sure among that long list of trials there were similar examples where there were months and years where the data were not acceptable, whatever the computer said, or the computer was ignored or even turned off.
Haynes:
In the PLATINO study, 1 the people responsible for quality oversight sent a lot of their technologists back to the patient to repeat spirometry, and that was one of the reasons why they had such good data. I agree, but I would say that there are some technologists who just are never going to get it, and that's why I'm interested in identifying those people who are both intelligent and conscientious. There are certain technicians who I've worked with in the past who are just super at it. Their effort and quality never changes; it's always good. Those are the people we need to have doing the tests. Not everyone can be a surgeon, no matter how much training you give them, no matter how much feedback you give them. The same applies to pulmonary function technologists. I'm really interested in exploring the idea of who's really fit for doing this. Obviously, it's more difficult in clinical trials to shuffle people out, but if you're in a small lab with 2 or 3 positions, it's your duty to your patients to make sure that the people doing those tests are reliable and competent. Hnatiuk: Jeff, I'd like to second the call for doing away with spirometers that don't display the inspiratory loop. I think that's a big problem that can be easily corrected. The other thing that I would like to mention is that we, as physicians, don't train and get involved in the PFT lab like we once did. This is just my opinion, as a prior program director. I believe that it is very important to have a medical director who is interested in his PFT lab. Of course, with or without this, having a good chief technician is critical. But people become PFT lab medical directors for a number of reasons. A lot of times it's not their first choice, or even their third choice. I can tell you that in the fellowship curriculum for pulmonologists there is not a lot of attention given on how to direct a PFT lab, or, for that matter, a bronchoscopy suite. A lot of the feedback we received at the 1-year and 5-year mark was, "You didn't do enough to prepare me to run a PFT lab."
Haynes: I think that's a great point, our medical director is our senior pulmonologist, who has more hands-on experience in our lab. Many years ago the medical director would choose which equipment we would purchase. It does seem that the younger generation of pulmonologists have had less exposure to the day-to-day operation of a PFT laboratory.
MacIntyre: I'd like to go back to some of the things Al [Miller] started to bring up, and that is I'm concerned that we're creating a 2-tier system. We all sit here and talk about the high quality we expect from our labs and the standards we've espoused for the techs, but there's this other world out there that thinks we can do spirometry in offices and workplaces and WalMart parking lots. I heard yesterday that one manufacturer has now come up with a diffusing capacity system that can be "portable."
Haynes: God help us.
MacIntyre: Yeah, but the point isand I've been on the ATS committee for a number of years, and we've certainly wrestled with this-should the standards for office spirometry be different than the standards for lab spirometry? Now it sounds like the standards for office diffusion are going to be different than in the lab, and I think this is bad. MacIntyre: You raise the point, people are going to be making judgment about whether to continue chemotherapy or whatever based on these tests that may be done out in the field that don't meet any kind of standards. I'll be really bold, I'm not so sure anybody should do any kind of PFT without being accredited at the level of a lab in a hospital. I'll probably get a lot of things thrown at me for this.
Haynes: I agree with you. I'm not a quitter; if I start something, I will do everything in my power to see it accomplished, but the dream of quality office spirometry is an area that I'm almost ready to throw in the towel. There doesn't seem to be a good remedy for obtaining quality pulmonary function data from offices; maybe someone will develop a blood test that can correlate very well with FVC and FEV 1 . That's our only hope.
MacIntyre: There'd probably still be 2 standards: the one in the physician's office and the one in the lab.
Enright:
There is an answer: it's all about the money. Don't pay for bad quality tests! I won't be able to publish the data, but I've been involved in a project where initially only 60% of the tests done at 300 sites across the United States (primarily in occupational and primary care settings) met the ATS goals for quality. 1 A legal contract then stipulated payment only for spirometry tests that met ATS quality goals. Very quickly, the spirometry quality from the same providers increased 96%, meeting the quality goals, and has persisted in the high 90s ever since. Miller: Paul, if I could attempt to answer that question. We're talking about 2 different inspirations. The one you just cited is a full inspiratory flowvolume loop for evaluating upper airway patency; it is a diagnostic test and full attention should be given it. The other inspiration is the one the patient takes to initiate her maximum expiration and produce all those spirometric numbers. The very thing I was talking about is the spirometer used for the World Trade Center program, which gives a very nice inspiratory loop following the exhalation, so you can assess upper airways dysfunction. But the way the techs often use it is a problem. They could monitor inspiration and start the instrument timing during the inspiratory loop, and that gives you some assurance you reach total lung capacity, but they weren't doing so. They were using it exactly like one of those expiratory-only spirometers where, "take a deep breath in, wait until you manage to get that thing in your mouth," and you see people changing the volumes of their chest as they're doing so, "and then blow out." So I think that we should really be concerned about the one thing we cannot monitor: are we reaching full inspiration? I would like to see tidal volumes in a nice row with a stable baseline, then an inspiration from there, and I would feel much more secure.
Haynes: I couldn't agree more. Technologists must evaluate the inspiratory loop because partial inspiration prior to forced exhalation is the hardest thing to control for. If the patient breathes in partially and blows forcibly, you will indeed see the patient's eyes bulging out of their skull and their face turning red and they may exhale for 6 seconds. This can appear to be great technique. However, the observation that the inspiratory loop exceeds the expiratory staring point on the X axis will alert you that the patient didn't inhale to total lung capacity prior to forced exhalation.
Pichurko: My concerns for the quality of the final product extend even to those settings where the lab is perfect and the staff is perfectly trained, and it has to do with the kind of patient who is referred. Everyone who has worked in this arena knows that patients with impaired cognition are for many reasons not well suited, will be referred, often as a last-ditch effort by a physician, to find out something useful on why a patient is dyspneic. My question is, what is the role of the PFT lab and its medical director to address the hospital's medical staff, either in the form of grand rounds or whatever is suitable in a particular hospital, to educate them about what services we provide and who is a suitable patient to refer to our lab for service?
Haynes: I would say that the ability of a technologist or a doctor to say, "this patient won't be able to do a PFT" is not very good. As shown in the SARA study, 1 people 65-100 years old are able to do these tests most of the time. My approach is that if the patient is someone who won't even be able to put the mouthpiece in their mouth, I'll say, "This isn't an appropriate patient." Otherwise I'll give it a try. I can tell you that I bring a lot of elderly people down to the lab who some would say that, "they're never going to be able do it," and I get them to do it correctly.
Changing your approach, instead of only explaining the instructions, I instruct the patient to, "just do what I do," and I raise my hands up and then blow down and the patient mimics my body language. Even if you only capture a couple spirograms, you can get data that are useful. There have been a number of occasions when another technologist has reported that a patient tried but couldn't perform spirometry. and because the data were important for the management of the patient, I have retested the patient using the "mimicking approach" and have successfully obtained quality data. The very troublesome side effect of this is that our trainees believe that PFTs are always good and they rarely see a poor quality test because there's a level of screening before it gets to them. As a result, when they do a rotation through our PFT lab, they don't really take it all that seriously. One of them was pretty insightful. He'd just taken a job where he was going to be the only pediatric respiratory physician in the entire province, and he suddenly looked at his training and asked, "Can I spend my last month of training working as a PFT technician?" Which I thought showed a lot of insight because he realized that he had not appropriately prepared himself to be the medical director of a PFT lab. I don't think we've addressed this at all in our curriculum in the way that we should. There's excellent PFT happening in the academic centers where they're driven by highly motivated people, but get outside of that and the medical direction is often appalling.
Salzman: I wanted to make a follow-up point about that, and maybe we could talk about what the precise role of the medical director should be in terms of these quality issues. I wanted to mention a survey I had done with an ACCP [American College of Chest Physicians] group that was published in Chest, looking at the quality of training for pulmonary fellows in pulmonary physiology. Our expectation was that people like this group here would be more critical of the current training of pulmonary fellows because we were trained in the golden era of pulmonary physiology and we understand that the current trainees are going to have a more diverse group of things they need to learn about: bronchoscopy, critical care, sleep, et cetera. But, interestingly, what we actually found was that the younger people were, the closer they were to their training, the more dissatisfied they were with their training in pulmonary physiology. Clearly, there's recognition amongst trainees that they're not getting what they need to know about pulmonary function and pulmonary physiology.
To bring it to a more practical level, what's the best way for the medical director to interact with the PFT techs to get quality to improve? I find that I do 2 sorts of things: one is that when I'm looking at a PFT I'm not happy with, I bring it directly back to that tech and point out the precise things that I thought were done suboptimally. I try to do it in a supportive way. The other thing I try to do is have a monthly conference, which usually gets cancelled because I have a bronchoscopy or a patient to see, but an intermittent PFT case conference where I can go over a series of cases. But sometimes people are drifting off by the second or third case. How do we structure this medical supervision so that the quality is pushed upward?
Ruppel: I wanted to comment on something Bo [Pichurko] brought up about patients who really can't do an acceptable test. In our patient population there are 10-15% in whom, no matter how hard you try and how good the tech is, the data are probably questionable. If you go into our lab and ask the technologists what the motto of the lab is they'll say, "Bad data are worse than no data." They routinely get comments from me like, "Why did you put these data on the patient's chart?" We see a lot of in-patients who are neurologically impaired or have other problems; you can do spirometry on them, but it's probably a disservice to report those data if the data quality is not very good. Our medical director supports that, but it's a very difficult situation, because the house officers will many times re-order the patient to have the same thing the next day because the results weren't what they expected.
Kaminsky:
In line with what Steve [Salzman] was saying regarding education, I think on the respiratory therapy side, too, there's so much for them to learn, especially now, with fancy mechanical ventilators and different aerosolized therapies, and so on. In our small RT school the students rotate through the PFT lab and there's so much to learn. A lot of the teaching comes from the techs and from me when I happen to be around. This extends to medical students and primary care physicians in particular, and I think that's one of the reasons why I don't know the best answer to this hospital spirometry versus office spirometry issue that's been raised.
Ideally, patients who are short of breath who have other symptoms should have spirometry some place. If they're referred to the hospital, we all think that's wonderful because we think we can give them good quality testing. But there are situations, especially in rural areas like where we are in Vermont, where some practitioners need to be able to do it in their office, at least initially before they put their patient who's short of breath on a bronchodilator. They should be able to at least do simple spirometry and make the diagnosis, hopefully air-flow obstruction or not.
I think one of the problems is education and somehow imparting enthusiasm for learning about pulmonary function, which I see lacking in medical students, nursing students, RT students, and even primary care physicians. So we need to work on that. I've been trying to do that in small ways.
